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BIBLIOGRAPHIC NOTE ON SUNSHINE IN THE UNITED 
STATES. 

B ~ R O B E R T  DE C. WARD. 
[Dated: Hararrd University, Csmbrldge, Mass., Dec. 1,1919.1 

In view of the fact that a forthcoming section of the 
Atlas of American Agriculture. will contain a series of 
new sunshine charts for the United Sjtabes, it may not be 
inap ropriate to give a brief biblioo-mphic note on the 
sunsfine charts for this country wgich have been pub- 
lished up to tlie present time. As the new charts will, to a 
large extent, supersede the older ones, no detailed de- 
scriptions and no reproductions of any of the latter are 
here included. 

Sunshine is the complement, of cloudiness. The 
relation is sim le: the more cloud, the less sunshine, and 
vice versa. I[ therefore, !,lie nieaa monthly or mean 
annual percentages of cloudiness be subtracted from 100, 
the remainders should +e the amounts of sunshine in 
percentages of tlie possible. dura tion. Similarly, if the 
possible duration of sunshlne (in lercentages) be sub- 

cloudiness. These results are, hoyever, only approsi- 
mate.* They may, and often do, differ more or less from 
the instrumental results obtained by means of sunslinc 
recordeis. The amount of cloudiness is base! upon 
estimates, made by eye at certain stated hours during the 
day. Such estimates are inevitably more or less mae- 
curate and individual, and are difficult to nialie when the 
clouds are near the horizon. Sunshine recorders, on the 
other hand, while they give a rigidly instrumental record 
of the duration of bri ht  sunshine, include only a sniall 

is low, and its rays are weak. These intrinsic sources of 
inaccuracy clo not, however, in any way seriously inter- 
fere with the value of the ordinary sunshine data which 
are available for many part.s of the world. 

They either give 
(1) the number of hours of bright sunshine, as determined 
by means of sunshine recorders; or they show (3)  the du- 
ration of sunshine in percentages of the possible duration. 
These percent es niay be obtained from the cloudiness, 
as above n o t 2  or by compa.ring the total number of 
hours of bright sunshine as inclkated by sunshine record- 
ers with the total possible number of hours, and esppssing 
the results as percent.aaes. When eye observatlons of 
cloudiness are availabfe, but sufficient instrumental 
records of sunshine are 1a.ckin the former method is the 
one naturally adopted. S u n k n e  c.harts of both of the 
above kinds have ublished for the United States. 

of mean annual 
by van Behber in 
by Glnser in 1912.2 

Van Bebber’s map, well known because of its havin been 

u on data collected u )  to the end of 1505, chiefly those 

thenupmeters. The ava.ilnble material was confessedly 
very made uate. Tlie maimurn number of hours of 
bright suns ‘t ine is given ns 3,250, in the southwestern 
intenor. From that area there is a decrease in all direc- 
tions, especially toward the north and northwest. The 
line of 3,000 hours runs fairly closely dong the northern 

tracted from 100, the remainder siould 11 give the mean 

portion of the sky, an f are t h o  less reliable when the sun 

Sunshine charts are of two classes. 

included in Bartholomew’s Atlas of Meteorolog;v, is 9 lased 

o P photographic sunshne recorders and of dif-ferential 

*Forin.¶tancariththe sky “cloudy” with cirmstratus bright sunshine may be r e  
W. J. Van Bkbbrr~‘6Dle Somensrheindauer in Europe und Nordamerika.” NQ/W 

und OftNurung Vol 41, Milnster, 1696, pp. 705-716, witn map. Regrodu[red in A l h  
01 Mcieorotogy. PI. ii; t.:xt, p. 17 

S A r t h u r  Glgser: Bewollungsvirhaltnisse und Sonnenscheindauer van Nordamcrika.” 
drchio. drr  Denfdchw BeclooA.!e. Vol. 35,1912, No. 1, It0 pp. 66; pls. 7; figs. 2% 

, corded for hours --ED 

border of the United States. All the lines are broadly 
eneralized and have mostly an east-west course. 

81iiser’s study of cloudiness and sunshine is by f a r  the 
most complete which has hitherto appeared in print. 
His charts show the mean duration of sunshine (in hours) 
for each month and for the year, and in hours of the day 
for each month. Records were used for 62 stations with 
ordinary and for 7s stations with photographic recorders. 
Tlie chart of mean a.nnua1 duration of sunshine in hours 
is bnsecl on more complete data than were avdable when 
van Bebber’s map was pre arecl. Glliser’s map gives 

mum nriniber of hours of bright sunshine (3,500) is found 
in Arizona and the ad’acent portions of southwestern 

is marked to the northwest, north, and northeast, and, to 
a less degree, to the enst. The smallest number of hours 
is below 3,000 on tlie estreme northwestern comt, n.nd in 
the northeast, especially over t,he Great Lakes. The num- 
ber of hours of bright sunshine, by months, shows a well- 
defined generalincrease d l  over the country from Decem- 
ber to  July. There is, in other words, a general north- 
ward migration of summer conditions as the season 
advances from wint,er to mid-summer, summer haying the 
niasimuni sunshine in niost sections, althou h spring and 

most stat8ions, also, December has the smallest number of 
sunny hours and July has the largest. The annual 
variation in the aniounts of sunshine is greatest in the 
northwest and over the Lake region. 

Charts of the second group, viz., those shorn-ing the 
duration of sunshine in percentages of the possible dur- 
ation, have been prepared by the U. S. Weather Bureau, 
and, more recently, also by Glblser. In  1898 Prof. 
A. J. Henry ublished tlie first map of normal annual 

The percent ages of sunshine were obtained h subtractc 

published in 3006, ave, for varying periods of time, the 

maticnlly-recording iiist.runients at  a number of selected 
st,nt,ions.’ Sunshine recorders began to be installed at 
Weat,lier Bureau st,ations in t$e earl nineties, and now 

iiients . 
A later map of iiornial annual sunshine, conipilecl from 

observations at. Weat.her Bureau stations from 1571 to 
1908, inclusive, was published as one of a series of climatic 
charts issued by the Weather Bureau. This map, also, 
aeenis to have been based u on t,he vdues obtained by 
subtract.ing t.he mean annu$ cloudiness from 100. In 
Glliser’s nionogaph, above referred t.0, t,hcre are included 
cliarts showing the isohels for each month and for the year, 
the percenbages being based upon invtrunienbal records. 
These published charts of inem annud sunshine do not differ 
much froin one another. The highest percent8age of sun- 
shine (over SO per cent) is in t’he ext,renie southwestern 
interior. The ininiiiiuni amounts (40 per cent) are found 
on t.he North I’ac.ific coast, and over port,ions of the Lake 
Region and of t,he estrrme nort,hemt. Most of t,he coun- 
try hns not far froni-50 ler cent,. Tlie inaim and t,ables 

more detail, and emphasizes P oca1 conditions. The maxi- 

Utah and southeastern B evada. From here the decrease 

autumn are the sunniest seasons over smal 7 areas. At 

sunshine for t E e United States.3 

ing the n1ea.n annual cloudiness from 100. A P a,t,er table, 

perce~it~ages of suns B line derived hoin t,he records of auto- 

pract,ically all st,at ions are provide B with these inst.ru- 

publiahetl by t.he Weat, h er Bureau, together with the 
iiionthly, sectuond n.ncl ot,her ninpsttnd di 
by Glilser, have t,hus brought t,oget,her 
inforination concerning sunshine in 

a Alfred J. Henry: “Normal Am1181 Sunshine and Snowfall I’ No. Wta. Rnr.. Vnl. 28, 
10s wi th  map !~!hnrt S)  and tsble ivlng the annual krrcatages ofsunshine by 

4 -4lIrcdJ. Henry: “I:limatology of the United States ” Bulltlin Q. U. Y. Weather 
IRW, 
calen&r Gars for rwh of the regular Westtrr Bureau and Cnnsdian stations. 

Bureau, 4to. Washington, U. C., 1908. a b l e  IX, p. lib; text p. 65. 
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The essential facts are t,liese: The north has less sunshine 
than t.he south. The west has on the. whole niore sim- 
shine than t.he east. The southwest is t.he sunniest.: t’lie 
nort,hwest and nort,heast are the least, sunny. East of t,he 
Rocky Mount,aiiis there is less clifferenw lwtween nort,li 
and sout,h flian t,o t,he west of t.lw cont.ine!it.a.l divide. 
There is less cont,rast, het,wccn north n.iid south on t.lie At.- 
lant,ic than on the Pscific coast. The west coast, has t.he 
arlvaiitage in rerrtircrd to sunshine as far nortli a.s 1at.it.ude 
40’ N. : from &ere nort.liwarcls, t,he contlit.ions are re- 
versed. Winter is as a wliole dis:,inct.lg the least., n d  
summer the most, s u m p  seasoii. 

Many int,erestiiig comparisons su 7 est. t~hei~iselves as 

but t.his consideratmion is not. an tyyropriat.e :!art of the 
present bibliographic note. It, niay, howwer, bo int.er- 
rsting to add t.1ia.t. the cont.rast, het.we(m wesfmi Europe 
a.iid enst.erii Nort.11 America was c.1enrl.v pin1 rlixsizecl by 
Woeikof a iiuniber of years Re yoin!ivl out, that 
t,he American coast has great ticl\~ii.l1tagPs in rtrs!>oct to 
suiisliiiie, esyxiallp if st at,ioi?s having. s imil :~ t,er:ipcra- 
t.ures and not. st,at,ioiis in the sanir? IRt,i.tu(lPs nrc c:onsirl- 
erecl. “ Not only is the dnratinii of sunshive lonpr (on 
the American coast.) but t.he air is c.le:u.er, C M ! ~  ~ d l p  in 
the colder niont,lis. This cont.rast. is very strikiy1;J em- 
phasized on t,he voyage from F h ~ $ m i l  to i.lie l’nit.cd 
St.a.t.es.” 

regards sunshine between Europe am sg the United States, 

A NEW INSTRUMENT FOR MEASURING SKY RADIA’TION. 
By Dr. ANDERN BXGSl’ii6M. 

[Dated Meteordogical Bureau, Stockholm, Sv:edcn. (?ctcLPi, 1919.1 

The iclea.of comparing the heat) pro:liiced or lost nt, :I cer- 
tain surface by radiation with the heat pr~)!lric>:.ii through 
an elec trica.1 cui-rent in ortlcr .to balimce the ii:~mrc’l gtiiii 
or loss of heat has shown itself niwt, fruitful in t,!lc? con- 
struction of iiistrunients for cosniicnl rn.tii:r tion nie::sme- 
nieiits. Thus after the electricnl coni )ensti t,ioii pj-rheli- A ometer was constructed in 18~13 ~ J Y  1 ~ .  Angst,riim,’ the 
same princi le was used by him in 19052 in orclcr to 
determine t Yl e so-called iioctm-nnl rdintion, :?ncl now 
recently by Abbot and Al~lricli,~ nt,tcnipting t.i) niciisure 
the intensity of the diffused daylighta 1)y :in iiigcrnioualy 
modified type of the compmsntion pyr1ielionit:ter. 

A fnirly good idea having been oht.ninctl of solar 
radiation and its variations, tlie list-namcd pnijlcni is 
a t  resent one of the most iniport,nnt. in ;:ct,inonietry 
anX certtiinly also in meteorology in gtwmil. A t  
high latitudes the heat trmsferrerl t.o t,lic s:tbnce of the 
enrth through luminous mdintion from t.he sky, viz, 
through diffused sun mdi:: t.ion. must, on t,he nrer~gc, 
miount to a.bout 40 per cent of the totnl heat inconic. froni 
sun and sky together, mid in the artic regions t,liis sotircc 
of heat aiicl light is during the winter time the most 
iniportaiit one. 
In the following, I will give a descriptinn of n new 

instruinen t for measuring luminous - sky r d i a  ticin 
founded upoii the method of electrical conipciistttion. The 
instrument ma.y be used also for meirsuring tl-tc. ruilir! t.km 
of the sun and i t  may easily, in proper conil.,innt.ioii, !)c  
used as a self-recording instrument. 

The construction is schematically showii b;- figurs 1 
(A? B, niid C).. It is in its main features very similar to 
the construction of the nocturnal radia.t,ion nct,inonictcAr 
1 -4. WnrikoP “Die KHmate der Erde” Jena, 1SS7, Part 11, p. 45. 
1 I. Pgstrijm. Nova Acta Upsal 1893 
9 I ngstromi Nova Acta Upsal” 1905‘ 

h b o t t  and Aldrich: SmithsonidhIisc: Coll., 66, Nos. 7 and 11. 

(the yrgeometer). The hri h t  strips of the pyrgeometer 

ened with plntinum lack and afterwards covered mth  
magnesium oxide to T p e r  thickness. acc. and bb in 
flgure 1 (A and C!) s ow the white and black strips 
respectirelg, mounted on a hard-rubber frame in the end 
of a nickel-pln terl tube. Thermo-electric junctions are 
>roriiletl a t  ,the bnck of the strips, but  electrically insu- 
i s t d  from them. These junctions may be connected 

are, P iowever, here re laced a y strips that first are black- 

FIQ. 1A. 

Fig. I5 
FIQ. 1C. 

in n circuit thnt also includes a delicate galvanometer G 
(fig. 1 Rl. To the tube and in the same plane with the strips 
is nt t:!rlid a circular nietal disk cZd, which acts as a support 
for tlie 111mispherici-ll glass screen gg, covering the strips, 
the 1111ryo~c of d i ich will he explained below. The metal 
rlis1.1 is cov-ercvi on its upper side by white paper, which 
is :I lwttrr reflector for sliort wave radiation than the 
hriglit met:.l. On tlic sii qwrting. metal disk can also be 

instrunient from rcch tion from sun and sky. Through 
the wti t e r - led  ‘ti’ ant1  the two leveling screws 8 the hori- 

p1::cecl 11 c.ylindricn1 nictu \ cover in  order to exclude the 


